OBJECTIVES: The use of staplers for thoracic surgery has been widely accepted and regarded as a safe procedure. However, adverse events (AEs) of stapling are occasionally experienced. The aim of this retrospective study was to analyse the AEs of stapling in pulmonary vascular surgery.
INTRODUCTION
Minimally invasive thoracic surgery is the recent trend and it may lead to postoperative pain reduction, shorter hospitalization and quicker functional and social recovery. For minimally invasive thoracic surgery, staplers are considered essential. Pulmonary vascular stapling was first reported in 1961 [1] . As the staplers became more sophisticated, its use gained wide acceptance and it became regarded as a safe procedure [2, 3] . Now, the widespread use of video-assisted thoracic surgery (VATS) is supported by the frequent use of staplers. However, sometimes stapling failure or other adverse events (AEs) of stapling are experienced. Only a few papers have been published concerning AEs of stapling [4] [5] [6] . In particular, no detailed analysis of the AEs of stapling of the pulmonary vasculatures in a large number of patients has yet been reported. The aim of the present study was to analyse the intraoperative and postoperative AEs of stapling of the pulmonary vasculatures in a multi-institutional retrospective study.
PATIENTS AND METHODS
A retrospective institutional review was conducted by each of the 29 institutions that participated in the Central Japan Lung Cancer Surgery Study Group. The present study was approved by the Institutional Review Board of Nagoya City University Hospital and other institutions. Between January 2009 and December 2010, 4495 patients underwent thoracic surgery using a mechanical stapler in these 29 institutions. In these thoracic operations for 4495 patients, 16 403 staplings were performed for the various tissues. The present study was a subgroup analysis of the 3393 staplings of the pulmonary artery (PA) and vein. Unfortunately, no data are available of patient numbers included in this study of 3393 pulmonary vascular staplings.
The underlying diseases of the 4495 patients included lung cancer (n = 2508), pneumothorax (n = 923), metastatic lung tumour (n = 478), inflammatory pulmonary disease (n = 217), benign lung tumour (n = 134), mediastinal tumour (n = 89) and other diseases (n = 146). Cofactors that might have influenced the AEs of stapling were preoperative chemotherapy (n = 121), preoperative radiotherapy (n = 31), diabetes (n = 291) and severe complications (n = 213). No data are available on the numbers of underlying diseases or cofactors in the patients with 3393 pulmonary vascular staplings. Gender and age were not reported in the present study.
As AEs of intraoperative stapling, stapling failure (Fig. 1A) , oozing (Fig. 1B), laceration (Fig. 1C) , technical vascular injury (Fig. 1D) and rupture of the stamp (Fig. 1E) were assumed and reported. Stapling failure was defined as incomplete stapling with incomplete fastening of staples by any cause, for example, stapler defect, inappropriate usage of staplers and so on. Oozing was defined as small bleeding from the stamps or splinter points of the staples. Only the cases with additional procedures of haemostasis, ligation, suturing or with an absorbable fibrin sealant patch were reported. Laceration was defined as an injury of vessels with bleeding not from the stamps or splinter points of the staples. Laceration occurs during the stapling process from compression to release of the staplers. Some cases of laceration that occurred at vascular compression by the side edge of the staplers were experienced before the present study. It was distinguished from vascular injury by a tip of a stapler at insertion which was caused by technical failure. Technical vascular injury was defined as bleeding that occurred before the stapling process by technical failure. For example, bleeding from vascular injury by staplers at insertion was reported as technical vascular injury. Rupture was defined as massive bleeding from the open stamp after completion of stapling.
As postoperative AEs, bleeding and other AEs that occurred within 30 days postoperatively were reported. For the causes of AEs, technical problems, stapler defect, tissue fragility, staplertissue thickness mismatch and other reasons were assumed and reported.
Staplers were classified into two types with differences of the compression method in the present study. A parallel compression type was defined as compression which was accomplished with the cartridge descending perpendicularly to the anvil. A cartridge and an anvil run parallel during the compression process. The compression line was completed simultaneously from one side to the other side. A V-shaped compression type has a cartridge and the anvil in a V-shaped formation with a hinge. Compression was accomplished from one side and went gradually to the other end. However, Ethicon Endo-Surgery (Cincinnati, OH, USA) informed us that the Echelon TM series are classified into parallel compression types even with a hinge because the compression line was completed simultaneously from one side to the other side by improvement of the hinge system.
Statistical analysis
The significance of differences between categorized groups was evaluated using the χ 2 -test and Fisher's direct method. Statistical significance was defined as P < 0.05.
RESULTS
Twenty-five kinds of staplers with various cartridge lengths and colours were used. All staplers were produced by Covidien (Mansfield, MA, USA) or Ethicon Endo-Surgery (Cincinnati, OH, USA). The total number of staplings of the pulmonary vasculatures was 3393. In the 3393 pulmonary vascular staplings, nine AEs were judged to be related to stapling (0.27%) ( Table 1) . Eight events occurred intraoperatively and one event occurred immediately after tracheal extubation in the operation room. There were no postoperative AEs after leaving the operation room.
AEs in the PA (7/1580, 0.44%) occurred more frequently than in the pulmonary vein (PV) (2/1813, 0.11%). There was no difference in the frequency of AEs between the PA and PV (P = 0.06). For intraoperative stapling, AEs of PA occurred more frequently than of PV (P = 0.02). Tables 2 and 3 show the details of AEs. The underlying diseases were lung cancer (n = 7), pulmonary metastasis from primary lung cancer and non-tuberculous mycobacterium infection. In all operations with AEs, small or conventional thoracotomy was completed before the onset of an AE. In all cases, lobectomy was planned and completed at the end. In the case of pulmonary metastasis from primary lung cancer, the AE occurred at the second thoracotomy of a right lower lobectomy following a right middle lobectomy. In the other 8 patients, cofactors that may have influenced an AE occurrence were not reported.
The intraoperative AEs were oozing (n = 3), stapling failure (n = 2), laceration of the peripheral vasculature at compression (n = 2) and technical vascular injury at insertion (n = 1). The possible causes were reported to be tissue fragility (n = 3), stapler rocking during stapling (n = 2), stapler-tissue thickness mismatch (n = 2) and technical failure (n = 1). All events of oozing occurred in stapling with grey cartridges that were loaded with the shortest staples. Even with the shortest staples, the staplings were reported as loose. Two events of laceration occurred at the peripheral vessels and reports speculated they were vascular injuries caused by the side edge of the staplers at compression. In two events of stapling failure, staplers rocked during the stapling process. It was reported that such rocking of the stapler occurred in stapling with a separate system of compression and firing during one-grasp firing following compression. When the operator felt resistance during firing and stopped the grasp motion before completion of firing, such rocking occurred. Staples were fired but not folded. The release mechanism did not work for safety and the stapling stuck. Excluding these two events, no AEs of stapling failure were reported after the normal stapling process. The only postoperative AE was a staple line rupture of the PV stump. The cause was unclear, but the surgeon reported that it was the combination of a short stump, a fragile tissue and stapler-tissue thickness mismatch. In all operations with AEs, small or conventional thoracotomy was completed before the onset of AEs. Rapid and appropriate recovery was performed using suturing (n = 4), ligation (n = 2), and haemostasis by using absorbable fibrin sealant patch (TachoComb ® , CSL Behring, Japan) (n = 2) and both suturing and absorbable fibrin sealant patch (n = 1). In the only case with PV rupture, a large amount of bleeding (>5000 ml) was recognized but after haemostasis, no further complication occurred. In other cases, the amount of bleeding was minimal.
Subclass analysis of the staplers was performed ( Table 4 ). The cartridges that were used most frequently were white (n = 2097, 61.8%) and grey (n = 1276, 37.6%). In some cases, blue (n = 12, 0.4%) or green (n = 8, 0.2%) cartridges were used. There was no relationship between the incidence of AE and cartridge colour.
The staplers with V-shaped compression (n = 3207, 94.5%) were used much more frequently than parallel compression types (n = 186, 54.8%). There was no relationship between the incidence of AE and compression type.
The 2-line stapling devices were used only 121 times (61 times for the PA and 60 times for the PV). Meanwhile, the 3-line stapling devices were used 1519 times for the PA and 1753 times for the PV. All AEs occurred with the 3-line stapling devices. The amount of usage of the 2-line stapling devices was too low to compare the incidence of AEs of vessel staplings. The P-value was >0.57.
COMMENT
Although pulmonary vascular division by stapling is a frequently performed procedure in thoracic surgery, AEs are sometimes encountered. It can be serious and even fatal. There have been no large-scale reports of AEs in pulmonary vascular division. This is the first multi-institutional report of AEs in the stapling of pulmonary vasculatures in thoracic surgery.
Intraoperative or perioperative complications of VATS including AEs due to staplers have been reported, but rarely has a detailed analysis of incidences of AEs of pulmonary vascular stapling appeared [7] [8] [9] . Asamura et al. [4] reported only one misfiring in 842 pulmonary vascular divisions (0.1%). The stapling failure occurred by misalignment of a cartridge. We have not experienced such an AE. Szwerc et al. [5] reported 2548 pulmonary vascular divisions with seven AEs (0.27%) (1 misfiring, 5 minor intimal fractures and a postoperative AE). Craig et al. [6] reported two events of intraoperative AEs of vascular division. One event was similar to the one in our report of the laceration of the vasculature that was injured by the side edge of the staplers at compression. Another event was a major stapling failure that seemed to have been caused by the stapler defect. We experienced 2 cases of rocking of the staplers during stapling. Such rocking of the stapler occurred in stapling with a separate system of compression and firing during one-grasp firing following compression. When surgeons felt a resistance during firing and stopped the grasp motion before completion of firing such rocking appeared. Such events may decrease with experience. Strictly speaking, these events may be caused by operators' technical problems.
In the present study, staplers and cartridges were compared regarding the frequency of the AEs in pulmonary vascular division by stapling. White and grey cartridges were used more often in stapling. There was no difference in the frequencies of AEs. These data suggested that surgeons have selected the appropriate cartridge. Three events of oozing occurred and grey cartridges with the shortest staples were used in all 3 cases. Surgeons reported the causes of the AEs as stapler-tissue thickness mismatch in 2 of 3 cases. To decrease oozing, a cartridge with shorter staples needs to be developed. We experienced a serious postoperative AE, which was a staple line rupture of the PV stump. Surgeons reported a combination of a short stump, tissue fragility and stapler-tissue thickness mismatch as the possible cause of this AE. Appropriate selection of the cartridge with longer staples may reduce such AEs.
We usually use two types of staplers, a parallel compression type and a V-shaped compression type. In pulmonary vascular division, staplers of V-shaped compression were more frequently used. Recently, new V-shaped compression (Covidien, Mansfield, MA, USA) staplers have become available. They have dull side edges to prevent laceration of the adjacent vasculature. The cartridge can move and the thin anvil is fixed. In addition, a curved tip of the anvil and a rubber flexible attachment are available as options. The insertion to the hilar structures becomes much easier using such devices. The use of such staplers may decrease the technical failures leading to vascular injury.
While the results of this study are encouraging, it is acknowledged that any conclusions should be tempered by the limitation of a retrospective study and subgroup analysis. It is also difficult to apply the same definition of AE or causes of AEs in all institutions.
In conclusion, we have investigated intraoperative and postoperative AEs of pulmonary vascular division by stapling. Generally, stapling of the pulmonary vasculatures in recent thoracic surgery has been safe. Furthermore, the knowledge of the possible risks of pulmonary vascular stapling may be helpful in decreasing the AEs of stapling. 
